Microgrids comprise a network of small scale distributed energy resources (DERs) 
INTRODUCTION
With the advent of deregulation and restructuring regime, steep competition has already been unleashed among the utility service providers in macro-grid level. Though in the nascent stage of implementation, micro-grid system could not be spared of such competition in future 1, 2 . Power market has turned its face from monopolistic set-up, i.e., centralized government control, to oligopolistic where several utility providers, called IPP, compete to win a share of market and bid against each other to supply electricity to consumers. Many countries have already adopted, or, are thinking of adopting power pool concept, where, like stock exchange, both utility providers and consumers can participate for choosing each other through double sided bidding. All these developments in the power sectors are ushering a new hope of making electricity available at the doorstep of consumers with reliability and economy. 6 Economically reliable system is possible if utilities could adopt latest technology to improve the overall efficiency of their system from fuel stage to power delivery stage. With the continuous developing technology, highly efficient DERs are now available in the market. . The effect of adding DER on network security and reliability will vary depending on its type and position of the DER at the connecting buses. 7, 8 Both reliability and economic issues should be assessed subject to the DER capacity, mode of operation (i.e., whether running for economical reason or emergency), local grid stability and reliability criteria. This paper investigates how line losses are related with the size and location of DER. Simulation results show that optimal size and location of the DER would reduce losses normally seen by the system, while improper placement may, actually, increase it. The optimization is carried out using particle swarm optimization (PSO) algorithms and the results are compared with the results obtained by fast evolutionary programming (EP) technique. PSO is one of the evolutionary computation techniques. 5 It was developed through simulation of a simplified social system and has been found to be robust in solving continuous, non-linear as well as discrete optimization problems. The PSO technique can generate high quality solution within shorter calculation time and has more stable convergence characteristics than other stochastic methods. Whereas EP is a technique to search for the optimal solution to a problem by evolving a population candidate solution over a number of generations or iterations. 9 The solution is evolved through mutation and competitive selection. (1) where, P i = Active Power injection at i-th Bus = Active Power Generation (P Gi ) at the i-th Bus -Active Power Demand at i-th Bus n = Total no. of Buses. Subject to reliabilities constraints i) Bus voltage tolerance limit
MATHEMATICAL FORMULATION
Limit on the active and reactive power generation of the DER min max
Line flow limits (e.g. they must be below thermal limits) 
SYSTEM DESCRIPTION
A six bus meshed network, as shown in fig. 1 , has been considered for the case study. Among the six buses, bus no. 1 is slack bus. Slack bus, here, is the macro-grid. This paper uses macro-grid as a large virtual generator, which supplies the micro grid system whenever there is a shortfall of local generation. This happens when there is outage of DERs.The system peak demand is assumed as 1.85 p.u. and its distribution is shown as per bus data table II. It presupposes that one DER of capacity 1.2 p.u. is, already, connected to bus no. 2 of the system. Purpose of the paper is to find out methodology of selecting proper size of the second DER and its suitable location among the four PQ-buses, so that line loss is reduced to a minimum. This is a constrained discrete optimum searching problem and PSO algorithms are used for its solution and the results obtained by PSO have been compared with the corresponding results of EP. Table 1 gives the line data of the system. 
SIMULATION TECHNIQUE
For comparison of results, two soft-computing techniques-PSO and EP do simulations, separately. PSO technique conducts search using a population of particles corresponding to individual as a potential solution to a problem, having N-dimensional space with a memory of its previous best position as well as the best position among all particles in addition to a velocity component. At each iteration, the particles adjust their velocity along each dimension, which, in turn, gives the new particle position. Updating of each dimension is independent. In this study authors have assumed following PSO data; a) Population size: 20; b) Acceleration Constants: C 1 ,C 2 = 2; c) Generation or iteration = 1000;
Line No. 
CASE STUDY
It is clearly seen that DER can reduce the line loss in the system. This is due to the fact that DER supplies a portion of real and reactive power to the load. Thus, the line current reduces in the region from the source to the location where DER is installed and it results in lower electrical line loss. But, higher DER ratings can't always guarantee lower line loss. Hence, selection of proper location and size of DER is well justified. This fact should be taken into account before determining the size and placement of DER. The suitable rating, mainly, depends on the amount and location of the load in the bus. Generally, higher the amount of load, the penetration of DER can be higher without causing higher electrical loss. In this paper, authors have selected maximum line flow, bus voltages, slack bus injection and system line loss as the parameters to judge the reliability condition of the system. Reduction of slack bus power injection can mitigate the utility's line congestion, whereas maximum line flow is the indicator of internal congestion. The range of DER capacity in the study has been kept within limit 0.6 p.u. to 0.8 p.u. to lower the slack bus power injection. Table IIIA and Table IIIB show the results of optimal size and location of DER using both PSO and EP, separately, at four PQ-buses after 1000 iterations and 50 trials. Table IV shows the comparison between the two methods used in accordance with their time of searching as well as reaching at the minimum value of the objective function. Average time for completion of 1000 iterations in both the cases differs slightly, but final minimum value of PSO is better than that of EP. 
COMPUTER ALGORITHMS
Gauss-Siedel load flow method has been used with each of PSO and EP algorithms for finding out the optimal solution. The computational steps are as follows: 1. Initialize the DER position at PQ-bus no.3 (i.e., index= 3). Type of Bus no.3 is, then, changed from PQ to PV. 2. Read the input data:-Bus data (from Table I ), Line data (from Table II 
ANALYSIS OF RESULTS
After simulating at all the four PQ-bus locations using PSO and EP, separately, results obtained are shown in Table III 
CONCLUSION
Authors have assessed the reliability of the micro-grid on the basis of comparison of following parameters-lowest line loss, lowest congestion, and within-limit bus voltage values. Use of micro-grid system is one of the many strategies electric utilities are considering operating their system in the de-regulated environment. This paper has presented a methodology to find optimal capacity and placement of DER in respect to a security constrained six bus meshed distribution micro-grid. A systematic and rational placement of DER improves both system security and reliability, by improving voltage profile of buses and reducing losses as well as congestion. The level of improvement depends on the type, number, size, and placement of DERs. PSO and EP techniques have been used, here, successfully to assess the reliability of the present micro-grid system. The results, clearly, indicate that the inclusion of DER in the micro-grid does not, always, guarantee the minimization of line loss. The benefits obtained by the introduction of DER should be weighed against the costs involved, before deciding on the use of DER. With the more and more improvement in DER technology, Cost is coming down and their use is expected to rise. Value-based reliability assessment is to be done, as future work, to get a clear picture of the assessment.
Fig. 2 Final Best Solution

